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1

CONTROL SYSTEM FOR AUTOMATIC
TRANSMISSION

BACKGROUND OF THE INVENTION

The present invention relates to a control system for an
automatic transmission of a vehicle and, more particularly,
to a control system for an automatic transmission, which is
equipped with an auxiliary transmission unit capable of
changing two high and low stages and adapted to be set to
the high gear stage at a reverse stage.

In an automatic transmission of a vehicle, there is fre-
quently used an overdrive system for improving the fuel
economy and the calmness, as is well known in the art. On
example is disclosed in Japanese Patent Laid-Open No.
157165/1993, in which an overdrive system including a set
of planetary gear mechanism is disposed at the input side of
a main transmission unit for setting forward four and reverse
one stages. This overdrive system is constructed to set a low
gear stage (or a directly connected stage), in which the
entirety makes one rotation, by connecting the carrier and
the sun gear of the planetary gear mechanism through a
cluich, and to set a high gear stage by fixing the sun gear
through a brake. In the automatic transmission disclosed in
the above-specified Laid-Open, moreover, the overdrive
system is set to the high gear stage not only for setting the
highest gear stage, i.c., the 5th speed but also for setting the
reverse stage, so that the reverse stage may be prevented
from taking a high gear ratio.

After all, the automatic transmission, as disclosed in the
above-specified Laid-Open, can set forward five and reverse
one stages and is equipped therefore with first to third
solenoid valves for controlling the shift. As in the ordinary
automatic transmission, moreover, the engine braking is
required for the 1st or 3rd speed. For this requirement, the
aforementioned automatic transmission is further equipped
with a fourth solenoid valve for feeding a signal pressure to
a predetermined change-over valve to set the engine braking
state selectively.

In order to set the individual gear stages in the drive range
and in the engine braking range, the aforementioned control
system for the automatic transmission of the prior art is
equipped with the first to fourth four solenoid valves. For the
entire compactness of the hydraulic control system or the
automatic transmission, however, it is desirable to reduce the
number of solenoid valves. In this case, the high gear stage
of the overdrive system is set at the 5th speed and the reverse
stage, whereas the engine braking state is set at the gear
stages of the 1st speed and the 3rd speed. It is, therefore,
conceivable to commonly use the solenoid vaives which are
used at the gear stage having no mutual interference, as
called so. Specifically, it is conceivable to cause the solenoid
valves for setting the overdrive system to the high gear stage
to set the engine braking at the gear stages such as the 1st
speed or the 3rd speed in the engine braking range.

In case, however, the solenoid valve for the so-called
“overdrive” is used commonly as the solenoid valve for the
engine braking, no engine braking is effected at the 1st speed
in the drive (D) range. Thus, the acting states of the solenoid
valve are reversed at the reverse stage setting time and at the
1st speed of the D-range. Specifically, this solenoid valve is
a valve for changing the overdrive system to the high gear
stage and is usually constructed to output a signal pressure,
when in a deenergized (OFF) state, from the standpoint of a
fail-safe operation for setting a high gear stage at the time of
a failure. Hence, the solenoid valve is turned OFF, when the

2

reverse stage is set, but ON to output no signal pressure at
the 1st speed of the D-range, in which the engine braking is

" ineffective.
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Thus, if the aforementioned solenoid valve is simply used
commonly for setting the overdrive and for the engine
braking, the energization patterns for the solenoid valve are
reversed between the reverse stage and the D-range. As a
result, in case the detection signal of the reverse stage (i.e.,
the R-range) is outputted by an electric failure although the
1st speed of the D-range is set, the aforementioned solenoid
valve is turned OFF to output the signal pressure so that the
engine braking is effective at the 1st speed of the D-range.
Specifically, a multi-disc brake in parallel with a one-way
clutch to be applied at the 1st speed is applied so that the
shift cannot be smoothly executed to deteriorate the shift
shock, or the braking state may be invited as soon as the
accelerator pedal is released, to deteriorate the drive feeling.

SUMMARY OF THE INVENTION

A main object of the present invention is to provide a
control system for an automatic transmission, which has its
size and weight reduced by making the solenoid valves
common while giving no disorder to the driver.

Another object of the present invention is to provide a
control system capable of preventing any shift at the reverse
stage even if the range decision fails.

Still another object of the present invention is to provide
a control system which can easily control the start.

According to the present invention, there is provided a
control system for an automatic transmission including a
main transmission unit for setting a reverse stage and a
plurality of forward stages and an auxiliary transmission unit
connected in series to transmit the power directly to the main
transmission unit and capable to be changed between two
higher and lower stages. The control system comprises: a
solenoid valve for outputting a signal pressure when at least
the reverse stage and a predetermined one of the forward
stages are to be set; a change-over valve for changing the
signal pressure selectively into a signal pressure for setting
the auxiliary transmission unit to a high gear stage and a
signal pressure for controlling an engine braking state; and
an engine braking control valve for controlling an engine
braking frictional element at the predetermined forward
stage into a released state in response to the signal pressure
coming from the change-over valve. The acting state of the
solenoid valve when the reverse stage is to be set and the
acting state of the solenoid valve when the predetermined
forward stage for making the engine braking ineffective is to
be set are identical to each other.

Even if an electrical failure occurs to decide the ranges for
setting the reverse stage and the predetermined forward
stage, therefore, no change arises in the acting states of the
solenoid valve for controlling the auxiliary transmission unit
thereby to eliminate the trouble that the auxiliary transmis-
sion unit takes the low gear stage at the reverse stage or that
the engine braking is effected at the predetermined forward
stage.

According to the present invention, moreover, the acting
state of the solenoid valve for controlling the shift is held at
the acting state for setting the 1st speed of the drive range or
is made identical to the acting state for setting the forward
stage to be set by setting the auxiliary transmission unit to
the high gear stage in case the vehicle speed reaches a
predetermined value.
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As aresult, even if the reverse stage is electrically decided
as the drive range to execute the shift control in the drive
range, the acting state of the solenoid valve to be set is one
for setting the auxiliary transmission unit to the high gear
stage thereby to cause no shift in which the auxiliary
transmission unit is changed to the low gear stage while the
vehicle is running at the reverse stage.

In the control system of the present invention, further-
more, the change-over valve is caused in the neutral range
to change the signal pressure coming from the solenoid
valve into the signal pressure for controlling the engine
braking state and to output the changed signal pressure.

In case, thercfore, the vehicle is started to run at the
predetermined forward stage, the auxiliary transmission unit
is left at the low gear stage to establish no shift. As a result,
the start control is facilitated.

The above and further objects and novel features of the
present invention will more fully appear from the following
detailed description when the same is read in connection
with the accompanying drawings. It is to be expressly
understood, however, that the drawings are for purpose of
illustration only and are not intended as a definition of the
limits of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram schematically showing one
embodiment of the present invention;

FIG. 2 is a skeleton diagram mainly showing a gear
transmission mechanism of an automatic transmission to
which is applied the present invention;

FIG. 3 is a chart showing the ON/OFF states of solenoid
valves and the applied/released states of frictional elements
in individual running ranges and at individual gear stages;

FIG. 4 is diagram showing a principal portion of the
hydraulic circuit of one embodiment of the present inven-
tion;

FIG. 5 is a partial hydraulic circuit schematically showing
the principal hydraulic circuit according to the present
invention;

FIG. 7 is a diagram showing a portion of the hydraulic
circuit shown in FIG. 4;

FIG. 8 is a diagram showing another portion of the
hydraulic circuit shown in FIG. 4;

FIG. 9 is a diagram showing still another portion of the
hydraulic circuit shown in FIG. 4;

FIG. 9 is a diagram showing an arrangement of individual
range positions in a shift unit;

FIG. 10 is a flow chart schematically showing one
example of a control routine for changing shift maps at the
time of failure;

FIG. 11 presents schematic diagrams showing examples
of shift maps for the D-range and R-range;

FIG. 12 is a chart showing the ON/OFF states of solenoid
valves and the applied/released states of frictional elements
in individual running ranges and at individual gear stages in
accordance with another embodiment;

FIG. 13 presents schematic diagrams showing examples
of shift maps for the D-range and R-range in accordance
with the embodiment;

FIG. 14 is a flow chart showing one example of a control
routine of the embodiment;

FIG. 15 is a diagram showing a principal portion of the
hydraulic circuit of an embodiment which is enabled to
output an N-range pressure;
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FIG. 16 is schematic hydraulic circuit diagram showing
the principal portion of the hydraulic circuit shown in FIG.
15;

FIG. 17 is an enlarged diagram showing a portion of the
hydraulic circuit shown in FIG. 15;

FIG. 18 is an enlarged diagram showing another portion
of the hydraulic circuit shown in FIG. 15; and

FIG. 19 is a partial hydraulic circuit diagram showing an
embodiment which is constructed to use a line pressure in
place of the N-range pressure.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention will be specifically described in
connection with its embodiments. FIG. 1 schematically
shows one embodiment Of the present invention. An engine
2 is connected to an automatic transmission and is equipped
in its intake pipe 3 with a main throttle valve 4 and a
sub-throttle valve 5, as located upstream of the main throttle
valve 4. This main throttle valve 4 is connected to an
accelerator pedal 6 so that it is opened/closed according to
the depression of the accelerator pedal 6. On the other hand,
the sub-throttle valve 5 is opened/closed by a motor 7. In
order to control the motor 7 for adjusting the opening of the
sub-throttle valve 5 and to control the fuel injection rate and
ignition timing of the engine 2, there is provided an engine-
electronic control unit (E-ECU) 8. This electronic control
unit 8 is mainly composed of a central processing unit
(CPU), memories (RAM, ROM) and an input/output inter-
face. To this electronic control unit 8, there are inputted, as
control data, a variety of signals including an engine (E/G)
RPM N, an intake air flow Q, an intake air temperature, a
throttle opening, a vehicle speed, an engine water tempera-
ture and a signal from a brake switch. A shift, a lockup clutch
and a line pressure in the automatic transmission 1 are
controlled by a hydraulic control unit 9. This hydraulic
control unit 9 is so constructed that it may be electrically
controlled, and is equipped with first to third shift solenoid
valves S1 to S3 for executing a shift, a linear solenoid valve
SLT for controlling the line pressure, a linear solenoid valve
SLN for controlling an accumulator back pressure, and a
linear solenoid valve SLU for controlling the lockup clutch.

There is also provided a transmission-electronic control
unit (T-ECU) 10 for outputting signals to those solenoid
valves to control the shift, the line pressure and/or the
accumulator back pressure. This transmission-electronic
control unit 10 is mainly composed of a central processing
unit (CPU), memories (RAM, ROM) and an input/output
interface. To this electronic control unit 10, there are input-
ted control data including the throttle opening, the vehicle
speed, the engine water temperature, the signal from the
brake switch, shift position signals from a set of later-
described switches of a shift unit, a signal from a pattern
select switch, a signal from an overdrive switch, a signal
from a C0 sensor for detecting the RPM of a later-described
clutch C0, an oil temperature of the automatic transmission
and a signal from a manual shift switch. Moreover, this
transmission-electronic control unit 10 and the engine-elec-
tronic control unit 8 are connected with each other to effect
interactive data communications, so that the engine-elec-
tronic control unit 8 sends the signals such as the intake air
flow (Q/N) per rotation to the transmission-electronic con-
trol unit 10 whereas the transmission electronic control unit
10 sends a signal equivalent to the instruction signal for each
solenoid valve and a signal instructing a gear stage to the
engine-electronic control unit 8.
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Specifically, the transmission-electronic control unit 10
decides the gear stage on the basis of a shift map, which is
stored in advance with input data, the ON/OFF of the lockup
clutch, outputs an instruction signal to a predetermined
solenoid valve on the basis of the decision result, decides a
failure, and makes controls on the basis of those decisions.
On the other hand, the engine-electronic control unit 8 not
only controls the injection rate, the ignition timing or the
opcning of thc sub-throttle valve 5 on the basis of the
inputted data but also lowers the output torque temporarily
by reducing the fuel injection rate, changing the ignition
timing or reducing the opening of the sub-throttle valve § at
a shifting time in the automatic transmission 1.

FIG. 2 is a diagram showing one example of the gear train
of the aforementioned automatic transmission 1. In this
cxample, the gear train is constructed to set gear stages of
forward five and rear one stages. Specifically, the automatic
transmission 1, as disclosed herein, is equipped with a
torque converter 30, an auxiliary transmission unit 31 and a
main transmission unit 32. The torque converter 30 has a
lockup clutch 33 interposed between a front cover 35 unified
with a pump impeller 34 and a member (or hub) 37 carrying
a turbine runner 36 integrally therewith. The crankshaft of
the engine (neither of which is shown) is connected to the
front cover 35, and an input shaft having the turbine runner
connected thereto is connected to a carrier 40 of an overdrive
planctary gear mechanism 39 constituting the auxiliary
transmission unit 31.

In this planetary gear mechanism 39 between the carrier
40 and a sun gear 41, there are interposed a multi-disc clutch
CO0 and a one-way clutch F0. Incidentally, this one-way
clutch F0 is applied in case the sun gear 41 rotates forward
(i.e., in the rotating direction of the input shaft 38) relative
to the carrier 40. A multi-disc brake B0 is also provided for
stopping the rotation of the sun gear 41 selectively. More-
over, a ring gear 42 acting as the output element of the
auxiliary transmission unit 31 is connected to an interme-
diate shaft 43 acting as the input element of the main
transmission unit 32.

As a result, with the multi-disc clutch C0 or the one-way
clutch F0 being applied in the auxiliary transmission unit 31,
the planetary gear mechanism 39 rotates as a whole so that
the intermediate shaft 43 rotates at the same speed as the
input shaft 38 so that a low gear stage is established. With
the brake B0 being applied to stop the rotation of the sun
gear 41, on the contrary, the ring gear 42 is accelerated in the
forward direction with respect to the input shaft 38 so that
a high gear stage is established.

On the other hand, the main transmission unit 32 is
equipped with three sets of planetary gear mechanisms 50,
60 and 70 which have their rotational elements connected, as
follows. Specifically, the sun gear 51 of the first planetary
gear mechanism 50 and the sun gear 61 of the second
planetary gear mechanism 60 are integrally connected to
each other. Moreover, ring gear 53 of the first planetary gear
mechanism 50, the carrier 62 of the second planetary gear
mechanism 60, and the carrier 72 of the third planetary gear
mechanism 70 are connected to one another. Still moreover,
the second planetary gear mechanism 60 has its ring gear 63
connected to the sun gear 71 of the third planetary gear
mechanism 70.

This gear train of the main transmission unit is enabled to
set the reverse gear stage and the forward four gear stages by
clutches and brakes, as described in the following. A first
description will be made on the clutches. A first clutch C1 is
interposed between the ring gear 63 of the second planetary
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gear mechanism 60 and the sun gear 71 of the third planetary
gear mechanism 70, as connected to each other, and the
intermediate shaft, and a second clutch C2 is interposed
between the sun gear 51 of the first planetary gear mecha-
nism 50 and the sun gear 61 of the second planetary gear
mechanism 60, as connected to each other, and the inter-
mediate shaft 43.

Here will be described the brakes. Of these, a first brake
B1 is a band brake which is arranged for stopping the
rotations of the sun gears 51 and 61 of the first planetary gear
mechanism 50 and the second pianetary gear mechanism 60.
Between these sun gears 51 and 61 (i.e., the common sun
gear shaft) and a casing 81, moreover, there are arrayed in
series a first one-way clutch F1 and a second brake B2 or a
multi-disc brake, of which the first one-way clutch F1 is
applied when the sun gears 51 and 61 rotate backward (in the
opposite direction to the rotating direction of the input shaft
38). A third brake B3 or a multi-disc brake is interposed
between the carrier 52 of the first planetary gear mechanism
50 and the casing 81. Moreover, a fourth brake B4 acting as
a multi-disc brake for stopping the rotation of the ring gear
73 of the third planetary gear mechanism 70 and a second
one-way clutch F2 are arranged in parallel between the ring
gear 73 and the casing 81. Incidentally, the second one-way
clutch F2 is applied when the ring gear 73 rotates backward.

Of the rotating members of the aforementioned individual
transmission units 31 and 32, the clutch CO of the auxiliary
transmission unit 31 is detected by a C0 sensor 82, and the
RPM of the output shaft 80 is detected by a vehicle speed
sensor 83.

In the automatic transmission 1 thus far described, the
forward five and reverse one gear stages can be set by
applying/releasing the individual clutches and brakes, as
tabulated in the chart of FIG. 3. Incidentally, in FIG. 3: a
symbol o indicates the ON or applied state; a symbol X
indicates the OFF or released state; a symbol © indicates the
ON control state of the lockup clutch; and a symbol @
indicates the duty control during a shift.

As tabulated in the chart of FIG. 3, the control for
changing the auxiliary transmission unit 31 between the
overdrive state and the directly connected state and the
control for effecting the engine braking at the 1st speed and
the 3rd speed are executed by the third solenoid valve S3.
For these controls, there is provided a hydraulic circuit, as
shown in FIG. 4. FIG. 4 shows only the principal portion
relating to the present invention, the more characteristic
portion of which is schematically shown in FIG. 5.

The third solenoid valve S3 is a normal open type valve
for using a line pressure PL as its initial pressure to output
a signal pressure when in its OFF state. This third solenoid
valve S3 is provided mainly for switching the auxiliary
transmission unit 31 and is appropriated, when in the con-
struction shown in FIGS. 4 and 5, for controlling the engine
braking at the 1st and 3rd speeds. More specifically, the third
solenoid valve S3 is turned OFF to output a signal pressure
(or pilot pressure) not only at the 5th speed for setting the
auxiliary transmission unit 31 to the overdrive state and at
the reverse stage but also at the 1st speed and the 3rd speed
in the drive (D) range. At these 1st speed and the 3rd speed
in the D-range, however, the signal pressure of the third
solenoid valve S3 is inverted, as called so, to cut off the feed
of the oil pressure to the brakes B1 and B4 for effecting the
engine braking at the 1st speed or the 3rd speed.

In FIG. 5, more specifically, a 3—4 shift valve 100 is a
spool valve having its individual ports opened for commu-
nications in the individual ranges and at the individual gear
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stages, as indicated at symbols in the lower portions of FIG.
5, and has its port 101 connected to the third solenoid valve
S3. This port 101 is opened to communicate with a port 102
in the neutral (N) range and at the 1st to 3rd speeds, to send
the signal pressure from the port 102 to a control port 131
of the B2 release control valve 130. Moreover, the port 101
is opened at the 4th and 5th speeds, in the R-range and in the
N-range to communicate with a port 103, from which is fed
the signal pressure to a 4-5 shift valve 170. In short, the 3—4
shift valve 100 outputs the signal pressure of the third
solenoid valve S in a changing manner to the engine brake
control line and the overdrive control line.

The B2 release control valve 130 is equipped with a spool
132 having four lands. This spool 132 is lowered to the
position, as indicated at the lefthand half of FIG. 5, when the
signal pressure is fed to the control port 131, and is raised
to the position, as indicated at the right-hand half of FIG. 5,
when the pressure is released from the control port 131.
Across an engine braking pressure output port 133 of the
ports of the B2 release control valve 130, there are formed
a D-range pressure input port 134 and an engine braking
range pressure input port 135. When the signal pressure of
the third solenoid valve S3 is applied to the control port 131
so that the spool 132 takes the position, as indicated at the
lefthand half of FIG. 5, the engine braking range pressure
input port 135 communicates with the engine braking pres-
sure output port 133. ‘

On the other hand, when the signal pressure of the third
solenoid valve S3 is not applied to the control port 131 so
that the spool 132 takes the position, as indicated at the
righthand half of FIG. 5, the D-range pressure input port 134
communicates with the engine brake pressure output port
133. Incidentally, the third solenoid valve S3 is turned OFF
at the 1st to 3rd speeds in the D-range to output the signal
pressure. In this case, the D-range pressure input port 134 is
closed, and the engine braking range pressure is not built up
in the D-range so that no oil pressure is outputted from the
engine brake pressure output port 133.

This engine braking pressure output port 133 is connected
to an input port 151 of a coast brake control valve 150. This
coast brake control valve 150 is a valve for regulating and
outputting an input oil pressure and is equipped with a spool
152 having two lands, a plunger 153 arranged at one end side
of the spool 152, and a spring 154 arranged between the
spool 152 and the plunger 153. Moreover, the land at the side
of the input port 151 is formed with a through hole opened
in the two end faces thereof to exert the output pressure on
the end face of the spool 152. On the other hand, the plunger
153 is fed at its end portion with an accumulator back
pressure control pressure PACC thereby to change the
pressure regulating level. From an output port 155 to be
selectively opened to the input port 151, moreover, there is
outputted the oil pressure to the first brake B1 or the fourth
brake B4 acting as the frictional element for the engine
braking at the 1st speed or the 3rd speed.

Specifically, at the 1st and 3rd speeds in the D-range for
building up the D-range pressure, this D-range pressure is
cut off by the B2 release control valve 130 even if the third
solenoid valve S3 is turned OFF to output the signal pres-
sure. As a result, the first brake B1 or the fourth brake B4 is
not fed with any oil pressure so that it is released to effect
no engine braking. In short, the third solenoid valve S3 is
inverted, as called so.

In the L-range in which the engine braking is effected at
the 1st speed, on the other hand, the third solenoid valve S3
is turned ON to output no signal pressure so that the spool
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132 of the B2 release control valve 130 is raised to the
position, as indicated at the righthand half of FIG. 5. As a
result, the D-range pressure input port 134 and output port
133 are opened to communicate so that the D-range pressure
is sent to apply the fourth brake B4. Incidentally, this
D-range pressure is built up in all the forward ranges. In
either the “3”-range for effecting the engine braking at the
3rd speed or “2”-range, 100, the third solenoid valve S3 is
turned ON so that the first brake B1 can be fed with the oil
pressure through the coast brake control valve 150 and
applied to effect the engine braking as in the case of the 1st
speed in the aforementioned L-range.

In case the third solenoid valve S3 is tumed OFF by
failure in the D-range, on the other hand, the B2 release
control valve 130 has its D-range pressure input port 134
closed so that no engine braking can be effected to prevent
the shifting shock.

In the case of the so-called “valve stick”, moreover, in
which the B2 release control valve 130 has its spool 132
fixed in the position, as indicated at the righthand half of
FIG. 5, the engine braking pressure input port 135 and
output port 133 are opened at all times to communicate with
each other. As a result, in the engine braking range such as
the “3”-range or the “2”-range, the oil pressure can be
outputted from the output port 133 so that the first brake B1
can be applied to effect the engine braking at the 3rd speed.

Incidentally, the oil line communicating with the engine
braking pressure input port 135 is formed with an orifice 136
for avoiding the interference between the first brake B1 and
the second brake B2. In case the first brake B1 is to be
applied at the 3rd speed, the rate of feeding the oil pressure
is delayed by the orifice 136 so that the application of the
second brake B2 may precede.

Here will be more specifically described the hydraulic .
circuit shown in FIG. 4. This description will be made with
reference to FIGS. 6 to 8 which are divided from FIG. 4 for
drawing conveniences.

First of all, the B2 release control valve 130 will be
described in the following. In FIG. 6, the B2 release control
valve 130 is inverted from that of FIG. 5. In addition to the
aforementioned individual connected states of the individual
ports, the second brake B2 is connected to a B2 port 137, and
an oil line 140 is connected through an orifice having a
check ball to a port 138 which is selectively opened to
communicate with that B2 port 137. Moreover, the second
brake B2 is given its communication with that oil line 140
through an orifice 141. By providing the communication
with the B2 port 137 with the port 138, therefore, the second
brake B2 is given its communication with the oil line 140
through not only the orifice 141 but also the check ball
orifice 139 so that its pressure releasing rate is increased.
Thus, the B2 release control valve 130 is constructed to
change the rate of releasing the pressure from the second
brake B2, i.e., the releasing rate of the second brake B2 by
applying or releasing the signal pressure of the third sole-
noid valve 83 to or from the control port 131.

On the other hand, an oil line 142 connected to the engine
braking range pressure input port 135 is equipped with not
only the aforementioned orifice (or double orifice) 136 but
also such an orifice 143 having a check ball in parallel with
the double orifice 136 as is opened in the pressure releasing
direction. Moreover, the oil line 142 is connected to the
later-described 1-2 shift valve. Here will be described the
3—4 shift valve 100. A spool 104 for changing the commu-
nications of the aforementioned ports 101, 102 and 103 has
six lands, and the first brake B1 is connected with a brake
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port 105 which is formed in an intermediate portion. More-
over, an input port 106 adjacent to the brake port 105 is
opened to communicate with the coast brake control valve
150 through the later-described 2-3 shift valve. The afore-
mentioned port 103 is opened to communicate with the
control port 171 of the 4-5 shift valve 170 via an oil line
107.

Moreover, the 3—4 shift valve 100 is actuated by the signal
pressure outputted from the second solenoid valve S2 and by
the later-described D-range pressure. Specifically, the
D-range pressure is fed to a hold port 108 which is opened
into the spring chamber, and the second solenoid valve S2 is
connected with a control port 109 which is opposed to the
hold port 108 across the spool 104. Incidentally, this second
solenoid valve S3 is a normal closed type solenoid valve
which employs the line pressure PL as its initial pressure so
that it is turned OFF to output the signal pressure and ON to
cut off the output of the signal pressure. On the other hand,
the 4-5 shift valve 170 is a valve for controlling the
aforementioned auxiliary transmission unit 31 into the over-
drive state (at a high gear stage) or the directly connected
state (at a low gear stage) and is constructed to change the
communicating states of the ports by a spool 176 having five
lands. The brake B0 in the auxiliary transmission unit 31 is
connected with such one 173 of those ports as is selectively
opened to communicate with an input port 172 connected
with the line pressure line PL. On the other hand, an output
port 174, as opposed to the aforementioned brake port 173
with respect to the input port 172, is connected to a CO
exhaust valve 190 via an oil line 175.

As a result, when the signal pressure of the third solenoid
valve S33 is applied via the oil line 107 to the control port
171, the spool 176 is lowered to the position, as indicated at
the righthand half of FIG. 6, so that the input port 172 is
opened to communicate with the brake port 173 thereby feed
the oil pressure to the brake B0O. When the pressure is
released from the control port 171, on the contrary, the spool
176 is raised to the position, as indicated at the lefthand half
of FIG. 6. As a result, the input port 172 takes communi-
cation with the output port 174 to feed the oil pressure to the
CO0 exhaust valve 190 thereby to apply the clutch CO.
Incidentally, reference numeral 210 appearing in FIG. 6
designates a solenoid relay valve which is constructed to
control the application/release of the signal pressure from
the lockup linear solenoid valve SLU and the application/
release of the oil pressure to the third brake B3. Incidentally,
the connected states of the remaining oil lines are shown in
FIG. 4.

In FIG. 7, the coast brake control valve 150 has its input
port 151 connected with an oil line 156, which in turn is
connected with the port 133 of the aforementioned B2
release control valve 130, and its output port 155 connected
with an oil line 157 for outputting a regulated brake pressure
to the first brake B1 or the fourth brake B4. Moreover, these
oil lines 156 and 157 are connected with each other through
an orifice 158 having a check ball, which is opened when the
pressure is released from the first brake B1 or the fourth
brake B4.

Both the control for changing the destination of the brake
pressure to the first brake B1 or the fourth brake B4 and the
control for feeding the D-range pressure to the hold port 108
of the 3—4 shift valve 100 are effected by a 2-3 shift valve
230. This 2-3 shift valve 230 is a valve for changing the
communicating states of its ports by a spool 231 having
seven lands. The 2-3 shift valve 230 is equipped at its one
end side with a spring 232 and is fed with the L-range
pressure at its hold port 233 opened at the end portion of the
spring 232, '
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The oil line 157 for feeding the brake pressure commu-
nicates with a port 234 of an intermediate portion, and an
output port 235, as located above the port 234 in FIG. 7, is
connected with the input port 106 of the aforementioned 34
shift valve 100. On the other hand, a second output port 236,
as located below the port 234 in FIG. 7, is connected with
a 1-2 shift valve 250 via an oil line 237. Moreover, the first
solenoid valve S1 is connected with a control port 239 which
is opposed to the hold port 233 across the spool 231.

This first solenoid valve S1 is a normal open type solenoid
valve which has its drain port closed, when in its OFF state,
and opened when in its ON state, so that it applies the
D-range pressure, which is fed through the strainer 320 and
the orifice 321, to the control port 239 when in its OFF state
and releases it when in its ON state. As a result, when the
L-range pressure is not applied to the hold port 233, the 2-3
shift valve 230 is controlled by the first solenoid valve S1.
Moreover, this 2-3 shift valve 230 is constructed to have its
spool 231 raised to the position, as indicated at the lefthand
half of FIG. 7, at the 1st and 2nd speeds and in the N-range
and the R-range and lowered to the position, as indicated at
the righthand half of FIG. 7 at the 3rd to 5th speeds.

As a result, in the case of effecting the engine braking at
the 1st speed, the port 234 is opened to communicate with
the second output port 236 to output the brake pressure. In
the case of effecting the engine braking at the 3rd speed, on
the other hand, the port 234 is opened to communicate with
the output port 235 to feed the brake pressure to the first
brake B1 through the 3—4 shift valve 100. Incidentally, the
second brake B2 is connected with a port 238. Moreover, the
2-3 shift valve 230 is equipped with a D-range pressure
input port 301 to be fed with the D-range pressure, and this
input port 301 is connected with an oil line 302. This 2-3
shift valve 230 is formed with a first D-range pressure output
port 303 and a second D-range pressure output port 304
above and below of that port 301. Moreover, this D-range
pressure input port 301 is opened to communicate with the
first D-range pressure output port 303, as located at the
upper side of FIG. 7, at the 3rd to 5th speeds and with the
second D-range pressure output port 304, as located at the
lower side of FIG. 7, at the remaining gear stages and in the
N-range and the R-range. On the other hand, this second
D-range pressure output port 304 is connected via an oil line
305 with the hold port 108 of the aforementioned 3—4 shift
valve 100. This D-range pressure is an oil pressure to be
built up in the oil line in a forward range including the
D-range, as described hereinafter, so that the D-range pres-
sure is fed at the 1st and 2nd speeds through the 2-3 shift
valve 230 to the hold port 108 of the 3-4 shift valve 100.

. The fourth brake B4 to be appiied for effecting the engine
braking at the 1st speed is connected with the 1-2 shift valve
250 through a shuttle valve 240. This 1-2 shift valve 250 is
a valve for changing the communicating states of its poris by
a spool 251 having four lands. The second output port 236
of the aforementioned 2-3 shift valve 230 is connected with
an input port 252, and the shuttle valve 240 is connected
with an output port 254 which is selectively opened to
communicate with that input port 252 and a drain port 253.

On the other hand, the oil line 142 for feeding the engine
braking range pressure to the aforementioned B2 release
contro] valve 130 is connected with another output port 255.
With an engine braking port 256 to be selectively opened to
communicate with that output port 255, there are connected
an oil line 257 for feeding a “3”-range pressure and an oil
line 258 for feeding a “2”-range pressure. In the portion in
which is arranged a spring for urging the spool 251 in its
axial direction, moreover, there is formed a hold port 259



5,593,365

11

which is connected with the first D-range pressure output
port 303 of the aforementioned 2-3 shift valve 230. On the
other hand, the second solenoid valve S2 is connected with
the control port which is opposed to that hold port 259.
As a result, the spool 251 of this 1-2 shift valve 250 is
lowered to the position, as indicated at the righthand half of
FIG. 7, at the 1st speed and in the N-range and the R-range.
In this state, therefore, the input port 252 is opened to
communicate with the output port 254. At the 2nd to 5th
speeds, on the other hand, the spool 251 is raised to the
position, as indicated at the lefthand half of FIG. 7, so that
the engine braking port 256 is opened to communicate with
the other output port 255. Incidentally, the remaining oil
lines have such connected states as are shown in FIG. 7.

Here will be described a manual valve 260. This manual
valve 260 is a valve which can be manually operated to set
seven positions, i.e., a parking (P) range, an R-range, an
N-range, a D-range, a “3”-range, a “2”-range and an
L-range. An input port 265 connected with a line pressure oil
line PL is opened to communicate with the ports which are
formed to correspond to the individual ranges other than the
P-range. In case the N-range is set, the remaining portions
are shut off from the input port 265, as shown in FIG. 7. In
case the D-range is set, on the other hand, the D-range
pressure is outputted from a D-port 261. In case the “3”-
range is set, on the other hand, the oil pressure is outputted
from the D-port 261 and a “3” port 262, and this oil pressure
to be outputted from the “3” port is the so-called “3”-range
pressure. In case the “2” range is set, on the other hand, the
oil pressure is outputted from the D-port 261, the “3” port
and a “2” port 263. This oil pressure to be outputted from the
“2” port 263 is the “2”-range pressure.

Incidentally, the D-port 261 is opened to communicate to
the first clutch C1, and the aforementioned oil line 257 is
connected with the “3” port 262 whereas the aforementioned
oil line 258 is connected with the “2” port 263. In case the
L-range is set, moreover, the oil pressure is outputted from
the D-port 261, the “3” port 262, the “2” port 263 and an
L-port 264, and the oil pressure outputted from this L-port
is fed to the hold port 233 of the aforementioned 2-3 shift
valve 230.

In case the R-range is set, on the other hand, the input port
265 is opened to communicate with an R-port 267, from
which is outputted the R-range pressure. With this R-port
267, there are connected not only the shuttle valve 240 and
the fourth brake B4 through the reverse control valve,
although not especially shown, but also the not-shown other
shuttle valve and the second clutch C2. If, therefore, the
R-range is set by the manual valve 260, those second clutch
C2 and the fourth brake B4 are applied without any con-
ducting states of the solenoid valves S1, S2, S3 to establish
the reverse stage in the main transmission unit 32, Inciden-
tally, the input port 265 is shut off in case the P-range is set.

On the other hand, reference numeral 270 appearing in
FIG. 7 designates a B3 control valve which changes a
pressure regulating level by feeding the signal pressure of
the linear solenoid valve SLU, which is fed through the
solenoid relay valve 210, to the control port 271 thereby to
control the oil pressure to be fed to the third brake which is
applied when the 2nd speed is set. This construction of the
B3 control valve 270 is known in the prior art so that its
description will be omitted by showing the connected states
of the main oil lines in FIG. 7.

Incidentally, the aforementioned C0 exhaust valve 190 is
a valve for controlling the clutch CO of the auxiliary trans-
mission unit 31 and is caused to close a first input port 192
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to be fed with the line pressure PL at the 1st to 4th speeds,
by having its first control port 191 fed with the oil pressure
at the 2nd speed of the D-range. At this time, moreover, a
second input port 193 to be fed with the “2”-range pressure
is opened to communicate with an output port 194. At the
2nd speed of the D-range, therefore, no oil pressure is
outputted to release the clutch CO0. In the “2”-range and the
L-range, moreover, the “2”-range pressure is fed to the
second input port 193 so that the clutch CO is applied to
effect the engine braking. Moreover, a second control port
195 is fed with the signal pressure of the linear solenoid
valve SLU.

Incidentally, reference numeral 280 appearing in FIG. 8
designates a relay valve to be controlled by the linear
solenoid valve SLT, and numeral 290 designates an accu-
mulator. Moreover, numeral 295 designates an accumulator
control valve for regulating the accumulator back pressure
PACC.

Here will be further described the shift unit for selecting
one of the ranges. What is adopted in the present embodi-
ment is the shift unit of the shift pattern which has its range
positions arrayed, as shown in FIG. 9. This array will be
briefly described in the following. The reverse (R) range
position is arranged subsequent to the parking (P) range
position, and the neutral (N) range position is positioned
subsequent to the R-range and at an inclination with respect
to the array direction. The drive (D) range position is
arranged in parallel with the array direction of the afore-
mentioned P-range position and R-range position with
respect to that N-range, and the “4”-range position is folded
and arranged at a right angle with respect to the array
direction of the N-range position and the D-range position.
Moreover, the “3”-range position is arranged in parallel with
the array direction of the aforementioned N-range position
and D-range position with respect to the “4”-range position.
The “2”-range position is positioned to take a relation
similar to that of the N-range position relative to the afore-
mentioned R-range position. Moreover, the low (L) range
position is positioned to take a relation similar to that of the
“4”-range position relative to the D-range position.

Of these running ranges, the D-range can achieve the
forward five stages, as shown in FIG. 3. On the other hand,
the “4”-range can achieve the forward four stages excepting
the overdrive stage for the 5th speed. Moreover, the “3”-
range can achieve the gear stages to the 3rd speed, and the
“2”-range can achieve the gear stages to the 2nd speed. Still
moreover, the L-range can achieve only the 1st speed.

In order to detect the aforementioned individual range
positions or to decide a failure, there are provided two sets
of switches, as have been disclosed in detail in Japanese
Patent Laid-Open No. 306764/1993. These switches will be
briefly described in the following. Six switches are arrayed
in parallel with the array direction of the P-range position
and the R-range position or the N-range direction and the
D-range direction. Specifically, this array direction is ori-
ented longitudinally of the vehicle such that the six switches
are arrayed with the foremost one corresponding to the
P-range position and with the remaining five ones respec-
tively corresponding to the R-range position, the N-range
position, the D-range position, the “3”-range position and
the “2”-range position backward in the recited order. Three
switches are provided as the other set. Specifically, these
switches correspond to the P-range position, the “4”-range
position and the L-range position.

These switches are connected with the aforementioned
transmission electronic control unit 10 so that logical ORs
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arc taken between the output signals of the first set of six
switches and the output signals from the second set of three
switches to decide a selected range position (or shift posi-
tion) and a failure.

According to the aforementioned control system, the ON
patterns of the shift solenoid valves S1, S2 and S3 for setting
the reverse stage and the ON patterns of the shift solenoid
valve S1, S2 and S3 for setting the 1st speed of the D-range
are identical. First of all, the 1st speed of the D-range will
be described in the following. The D-range pressure is built
up by setting the D-range by the manual valve 260. As seen
from the application chart of FIG. 3, the first clutch C1 is
applied at all times in the forward ranges. Specifically, the
D-range pressure is sent to the first clutch CI. In this state,
the first solenoid valve S1 is turned ON to output no signal
pressure, but the second and third solenoid valves S2 and S3
are turned OFF to output their individual signal pressures.

As aresult, the 2-3 shift valve 230 has its control port 239
fed with no signal pressure so that its spool 231 is raised to
the position, as indicated at the lefthand half of FIG. 7.
Specifically, the D-range pressure input port 301 is opened
to communicate with the second D-range pressure output
port 304 so that the D-range pressure fed from the oil line
302 is fed to the hold port 108 of the 3-4 shift valve 100 via
those ports 301 and 304 and the oil line 305.

At the 1st speed of the D-range, the 3-4 shift valve 100
has its control port 109 fed with the signal pressure of the
second solenoid valve S2, but its spool 104 is raised to the
position, as indicated at the lefthand half of FIG. 6 because
the axial force acting upon the spool 104 is effected by the
D-range pressure and the spring force rather than by-the
signal pressure of the second solenoid valve S2. As a result,
the port 101 being fed with the signal pressure of the third
solenoid valve S3 is opened to communicate with the port
102 so that this signal pressure is fed to the hold port 131 of
the B2 release control valve 130. As a result, the port
communicating with the control port 171 of the 4-5 shift
valve 170 is opened to communicate with the drain so that
the oil is drained from the control port 171 of the 4-5 shift
valve 170.

As aresult, the 4-5 shift valve 170 has its spool 176 raised
to the position, as indicated at the lefthand half of FIG. 6, so
that its brake port 173 is opened to communicate with the
drain thereby to release the brake BO communicating with
the drain. Since the input port 172 communicates with the
output port 174, on the other hand, the line pressure PL is fed
therefrom to the clutch CO through the C0 exhaust valve 190
and the relay valve 280 to apply the clutch CO0. In short, the
auxiliary transmission unit 31 takes the low gear stage (i.e.,
the directly connected state). Incidentally, the second clutch
C2 is released because it employs the brake range pressure
as its initial pressure. Moreover, the brakes B1 to B4 in the
main transmission unit 32 are released.

Of these brakes, the fourth brake B4 for setting the engine
braking state at the 1st speed will be described in the
following. A the 1st speed of the D-range, the third solenoid
valve S3 is turned OFF to input its signal pressure through
the 3—4 shift valve 100 to the control port 131 of the B2
release control valve 130. As a resuit, the B2 release control
valve 130 has its spool 132 raised to the position, as
indicated at the righthand half of FIG. 4 or 6, to shut off the
port 134 to be fed with the D-range pressure. As a result, the
D-range pressure is not fed to the coast brake control valve
150 so that the fourth brake B4 is left released to make the
engine braking ineffective. Upon setting the 1st speed of the
D-range, therefore, the fourth brake B4 is prevented from
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being applied, even if the third solenoid valve S3 should be
turned OFF by a failure. As a result, no trouble such as the
shifting shock will occur at the shifting time from or to the
1st speed.

Incidentally, in the L-range required to effect the engine
braking at the 1st speed, the third solenoid valve S3 is turned
ON to output no signal pressure so that B2 release control
valve has its control port 131 drained. As a result, the spool
132 is lowered to the position, as indicated at the lefthand
half of FIG. 4 or 6, so that the D-range pressure is outputted
through the port 134 and the port 133 to the coast brake
control valve 150, from which is fed the oil pressureto the
fourth brake B4 through the 2-3 shift valve 230, the 1-2
shift valve 250 and the shuttle valve 240. In short, the fourth
brake B4 can be applied to effect the engine braking.

When the 3rd speed of the D-range is to be set, on the
other hand, the third solenoid valve S3 is turned OFF so that
the B2 release control valve 130 has its port 134 shut off as
in the case of the 1st speed to cut off the D-range pressure.
As a result, the first brake B1 is not fed with the oil pressure
but is left released so that no engine braking is effected.

In the “3”-range and the “2”-range for effecting the engine
braking at the 3rd speed, on the other hand, the third
solenoid valve S3 is turned ON so that the B2 release control
valve 130 has its control port 131 drained. As a result, the
D-range pressure is fed through the port 134 and the port 133
to the coast brake control valve 150. The engine braking
pressure thus regulated in this control valve 150 is fed
through the 2-3 shift valve 230 and the 3-4 shift valve 100
to the first brake B1 so that the first brake B1 can be applied
to effect the engine braking.

In case the third solenoid valve S3 is turned OFF by
failure at the 3rd speed in the “3”-range or the “2”-range, the
B2 release control valve 130 has its control port 131 fed with
the oil pressure. As a result, the D-range pressure input port
134 being fed with the D-range pressure is shut off, but the
engine braking range pressure input port 135 being fed with
the engine braking range pressure is opened to communicate
with the output port 133 so that the engine braking range
pressure is fed from the output port 133 to the coast brake
control valve 150. As a result, the engine braking pressure
thus regulated is fed to apply the first brake B1 so that the
engine braking can be effected even if the third solenoid
valve S3 should be tumed OFF by failure.

Incidentally, in case the engine braking range pressure is
to be fed to the engine braking range pressure input port 135
of the B2 release control valve 130, this feeding route passes
through the double orifice 136 so that the rise of the oil
pressure of the first brake B1 can be damped to avoid the
interference between the first brake B1 and the second brake
B2.

According to the control system thus far described, the
reverse stage and the 1st speed of the D-range can be set by
making the conducting states of the solenoid valves S1, S2
and S3 identical. As a result, in case the D-range is decided
due to an electric failure while the vehicle is running
backward, the conducting states are identical to those at a
low speed so that the reverse run can be continued. Since,
however, the electronic control unit 10 executes the shift
control on the basis of the shift map of the D-range, an
upshift to the 2nd speed is decided if the vehicle speed in the
reverse running state rises. In this case, the second solenoid
valve is switched from OFF to ON to output no signal
pressure so that the 3—4 shift valve 100 acting as a change-
over valve has its spool 104 raised to the position, as
indicated at the lefthand half of FIG. 6. As a result, the signal
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pressure of the third solenoid valve S3 is outputted not to the
control port 171 of the 4-5 shift valve 170 but to the hold
port 131 of the B2 release control valve 130 so that the
auxiliary transmission unit 31 is changed from a high gear
stage to a low gear stage. In short, the downshift is estab-
lished in the reverse state. In order to eliminate this trouble,
the aforementioned electronic control unit is made to per-
form a special energization control as the aforementioned
failure occurs.

FIG. 10 is a flow chart for explaining the control routine.
After the input signals were processed (at Step 1), it is
electrically decided (at Step 2) whether or not the D-range
is selected. This decision of Step 2 can be made in the
aforementioned shift unit on the basis of the logical ORs of
the output signals of the first set of switches and the second
set of switches. Specifically, the D-range can be decided if
the switches of the first set in the D-range position are ON
whereas the switches of the second set are OFF. Incidentally,
in the ordinary shift unit for selecting the ranges by moving
the shift lever straight, the D-range may be decided from the
failsafe standpoint in case none of the shift position switches
outputs any signal. In this ordinary case, the D-range can be
decided if there is no shift position signal. Incidentally, this
Step 2 corresponds to range deciding means in the present
invention.

If the answer of Step 2 is NO, the routine is returned. If
the answer of Step 2 is YES, on the other hand, it is decided
(at Step 3) from the actual run whether or not the vehicle in
the R-range. Since the auxiliary transmission unit 31 is set
to a high gear stage when at the reverse stage, as described
hereinbefore, the sun gear 41 is fixed so that the CO sensor
82 outputs no signal. Since the reverse stage has a high gear
ratio, on the other hand, the RPM of the output shaft 80 is
as low as that of the forward first speed. Hence, the reverse
stage can be decided if the CO sensor 82 outputs no signal
whereas the vehicle speed sensor 83 detects a low vehicle
speed. Alternatively, whether or not the actual run is reverse
can be decided by determining the gear ratio from the engine
RPM and the RPM of the output shaft 80 and by comparing
the determined gear ratio with that of the reverse stage. This
Step 3 corresponds to reverse stage detecting means of the
present invention.

If the answer of Step 3 is NO, it follows that the actual run
and the shift position signal are in accord so that no failure
occurs. In this case, the shift control in the D-range pattern
is continued (at Step 4). This shift control is executed, for
example, on the basis of the shift map which is set with the
individual shift regions from the 1st to 5th speeds by
employing a vehicle speed V and a throttle opening 6 as its
parameters, as shown in FIG. 11. This execution is not
different from the ordinary one of the shift control.

If the answer of Step 3 is YES, on the contrary, there
occurs a failure in which the actual run and the shift position
signal are inconsistent. In this case, the shift map for the shift
control is changed to the R-range pattern (at Step 5). This
R-range pattern is exemplified in FIG. 11, in which the first
speed region is provided for the entire region employing the
vehicle speed V and the throttle opening 6 as its parameters.
Specifically, the conducting states of the solenoid valves S1,
52 and S3 are fixed identical to that of the first speed of the
D-range. Hence, this Step 5 corresponds to energization
control means in the present invention.

Thus, the electronic control unit 10 outputs the 1st speed
even if the vehicle speed V and the throttle opening 6
change, so that the shift solenoid valves S1, S2 and S3 have
their conducting states kept to set the 1st speed. These are
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identical to the conducting states for setting the reverse stage
so that the auxiliary transmission unit 31 is held at the high
gear stage (i.e., in the overdrive state). As a result, the
electronic control unit 10 electrically misjudges the range as
the D-range so that no upshift is caused even if the shift
control is to be made, namely, so that the auxiliary trans-
mission unit 31 is not changed from the high to low stages.
As a result, the downshift in the reverse stage is prevented.

The control described above is exemplified by the case of
a failure in which the reverse stage is misjudged as the
D-range. Alternatively, the downshift at the reverse stage at
the time of a failure, in which the reverse stage is decided as
the D-range, can also be prevented by preparing the high and
low speed conducting states for the reverse stage setting
shift solenoid valves S1, S2 and S3, as will be described in
the following.

In this embodiment, as shown in the application chart of
FIG. 12, conducting states for the high speed and the low
speed are prepared for those of the solenoid valves S1, S2
and S3 for setting the rear stage. All of these solenoid valve
S1, S2 and S3 are turned OFF in the conducting state for the
high speed, whereas only the first solenoid valve S1 is turned
ON in the conducting state for the low speed. Specifically,
the conducting state for the high speed is identical to that for
setting the 5th speed of the D-range, and the conducting state
for the low speed is identical to that for setting the 1st speed
of the D-range. Moreover, the electronic control unit 10 in
this embodiment is equipped with a shift map for the
R-range, as shown in FIG. 13, in addition to the ordinary
shift map for the D-range, as shown in FIG. 13. In this shift
map for the R-range, all the regions at a higher speed side
than the shift region of the 1st speed are prepared for the
shift region of the 5th speed.

In this embodiment, moreover, the control follows the
flow chart of FIG. 14. Specifically, after the input signals
were processed (at Step 10), it is decided (at Step 11) on the
basis of electric signals whether or not the R-range is set.
Incidentally, this Step 11 corresponds to rear stage deciding
means in the present invention. The decision of this Step 11
can be made either on the basis of the logic ORs of the
output signals of the first switch set and the second switch
set in the shift unit, as described hereinbefore, or on the basis
of whether or not the switch in the R-range position outputs
its signal. If the answer of this Step 11 is NO, the routine is
returned. If the answer is YES, on the other hand, it is
decided (at Step 12) whether or not the R-range is set on the
basis of the actual run. The decision of this Step 12 have the
specific content, as has been described hereinbefore.

If the answer of Step 12 is YES, the shift map to be
adopted is the aforementioned one for the R-range pattern,
as shown in FIG. 13, and the shift control is continued on the
basis of the shift map (at Step 13). Specifically, the con-
ducting states of the shift solenoid valves S1, S2 and S3 are
made identical to that for setting the 1st speed, if at the low
speed, and that for setting the 5th speed of the D-range, if at
a speed higher than the 1st speed region. In either event, the
second solenoid valve S2 and the third solenoid valve S3 are
individually turned OFF so that the auxiliary transmission
unit 31 is kept at the high gear stage. Thus, this Step 13
corresponds to rear stage setting means in the present
invention.

If the answer of Step 12 is NO, on the contrary, the shift
map is changed to the ordinary one for the D-range, as
shown in FIG. 13. Thus, even if the R-range is electrically
decided, the vehicle is running in the D-range as a matter of
fact so that an upshift is effected to the 2nd or 3rd speed as
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the vehicle speed increases. In other words, in the shift
pattern for the R-range, an upshift to the 5th speed would be
directly caused by the increase in the vehicle speed. How-
ever, this shift to the high gear stage can be prevented by
making a change to the D-range pattern. As a result, it is
possible to prevent the deterioration of the durability, which
might otherwise be caused by an excess slip of the frictional
elements. According to the control shown in FIG. 14,
moreover, if the R-range is decided aithough the vehicle runs
in the D-range, the R-range pattern is adopted so that the
upshift from the 1st to Sth speeds occurs as the vehicle speed
increases. In the case of a failure in the decision of the range,
what occurs an upshift to the highest gear stage, i.e., the gear
stage for raising the auxiliary transmission unit 31 to a high
gear stage as the vehicle speed increases. As a result, the
torque can be lowered while retaining the run so that the
fail-safe run can be ensured. Incidentally, the control shown
in FIG. 14 may be continued till the N-range is set.

Incidentally, in the control system of the embodiment
described above, the 3—4 shift valve 100 corresponding to
the change-over valve of the present invention has its hold
port 108 fed with the D-range pressure. In the N-range
having no D-range pressure, therefore, no oil pressure acts
upon the hold port 108 of the 3—4 shift valve 100. On the
other hand, the conducting states of the shift solenoid valves
S1, S2 and S3 in the N-range may be controiled to be
identical to those for setting the gear stage which is deter-
mined on the basis of the vehicle speed and the throttle
opening at that instant. This control is to prevent the shift in
case the shifting operation is executed between the N-range
and the D-range while the vehicle is running. In the case of
the aforementioned energization controls of the shift sole-
noid valves S1, S2 and S3 in the N-range, while the vehicle
stands still in the N-range, no oil pressure acts upon the hold
port 108 of the 34 shift valve, but the signal pressure of the
second solenoid valve S2 acts upon the control port 109.
Specifically, the 34 shift valve 100 has its spool 104
lowered to the position, as indicated at the righthand half of
FIG. 6, so that the signal pressure of the third solenoid valve
S3 is sent from the port 101 through the port 103 to the
control port 171 of the 4-5 shift valve 170. At the stop in the
N-range, therefore, the auxiliary transmission unit 31 is set
to a high gear stage and is changed to a low gear stage by
shifting the shift to the D-range.

At the starting time, much oil has to be fed to the first
clutch C1. If the shift control of the auxiliary transmission
unit 31 is additionally required, the control for the start is
complicated. The construction for eliminating this is shown
in FIGS. 15 to 18.

Of these Figures corresponding to FIGS. 4 to 7, FIG. 15
schematically shows a circuit which is improved from the
aforementioned hydraulic circuit shown in FIG. 4. More-
over, FIGS. 16 to 18 show the principal portions of the
circuit in enlarged scales. Incidentally, the following
description is directed mainly to the improved portions, and
the portions having been described are designated at the
same reference numerals while having their description
omitted.

First of all, in the embodiment shown in FIGS. 15 to 18,
the manual valve 260 is formed with an N-port 266. This
N-port is a port formed between the input port 265 and the
D-port 261 and is opened to communicate with the input port
265 in case there is set a range for the forward run including
the N-range and the D-range. In case, therefore, a range
other than the P-range and the R-range is set, the oil pressure
never fails to be outputted from the N-port 265. In other
words, an N-range pressure is outputted at any of the
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N-range, the D-range, the “4” range, the “3” range, the “2”
range and the L-range.

Moreover, the aforementioned D-range pressure input
port 301 in the 2-3 shift valve 230 is changed to the N-range
pressure input port 241, and the communication between
this N-range pressure input port 241 and the N-port 265 of
the aforementioned manual valve 260 is provided by an oil
line 242.

Moreover, the aforementioned first D-range pressure out-
put port 303 is changed to a first N-range pressure output
port 243, which is opened to communicate with the hold port
259 of the 1-2 shift valve 250. Moreover, the aforemen-
tioned second D-range pressure output port 304 is changed
to a second N-range pressure output port 244, which is
opened to communicate with the hold port 108 of the 34
shift valve 100 via an oil line 245 in place of the aforemen-
tioned oil line 305.

As a result, the 3—4 shift valve 100 has its hold port 108
fed with the N-range pressure in place of the D-range
pressure so that its spool 104 is raised to the position, as
indicated at the lefthand half of FIG. 17, in the N-range and
at the 1st to 3rd speeds thereby to cause the port 101 to
communicate with the port 102.

Therefore, the embodiment shown in FIGS. 15 to 18 is
different from the foregoing embodiment in the oil pressure
feeding/releasing states in the N-range. This N-range will be
described in the following. In the N-range, the manual valve
260 has its input port opened to communicate with the
N-port 266 to output the N-range pressure to the oil line 242.
Since, however, the D-range pressure is not outputted in this
N-range, the first solenoid valve S1 employing the D-range
pressure as its initial pressure outputs no signal pressure so
that the 2—3 shift valve 230 has its spool 231 raised, as in the
aforementioned cases of the 1st sped and the reverse stage,
to the position, as indicated at the lefthand half of FIG. 18.
As a result, the N-range pressure input port 241 being fed
with the N-range pressure is opened to communicate with
the second N-range pressure output port 244 thereby to feed
the N-range pressure to the hold port 108 of the 2-3 shift
valve 200.

In the N-range, on the other hand, the ON/OFF states of
the solenoid valves S1, S2 and S3 are set according to the
running states of the vehicle including the vehicle speed and
the throttle opening so that the conducting states are usually
similar to those of the 1st speed. As a result, the 3—4 shift
valve 100 feeds the signal pressure of the third solenoid
valve S3, as fed to its port 101, from the port 102 to the hold
port 131 of the B2 release control valve 130, as in the
aforementioned case of the 1st speed. As a result, the
auxiliary transmission unit 31 has its clutch C0 applied and
its brake B0 released to establish the low gear stage (or the
directly connected state). On the other hand, the main
transmission unit 32 is left in the neutral state because the
D-range pressure is not built up.

According to the control system thus far described, there-
fore, the auxiliary transmission unit 31 is set to the low gear
stage by building up the N-range pressure in the N-range so
that no shift is established in the auxiliary transmission unit
31 in case a shift is made from the N-range to the D-range
for starting the vehicle. In other words, the portions of the
auxiliary transmission unit 31 to be fed with the oil pressure
are not changed according to the shift from the N-range to
the D-range so that the control for the start can be facilitated
while preventing the shock and the accompanying deterio-
ration of the drive feeling.

The embodiment described above is constructed such that
a valve for changing the signal pressure of the third solenoid
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valve S3 between the control line in the over-drive state and
the control line in the engine braking state is employed by
the 3—4 shift valve 100, and such that thc N-range and the
signal pressure of the second solenoid valve S2 are used for
that switching operation. In the present invention, however,
the N-range pressure may be replaced by the line pressure to
control the change of the 3-4 shift valve 100.

This modified embodiment is shown in FIG. 19, in which
a 2-3 shift valve 2300 in place of the aforementioned 2-3
shift valve 230 is formed with a line pressure input port 2301
and a line pressure output port 2302 to communicate selec-
tively with the line pressure input port 2301. This line
pressure input port 2301 is connected with the line pressure
oil line PL and is opened/closed by a predetermined land
2303 of a spool 2301. Specifically, in case the signal
pressure of the first solenoid valve S1 is not inputted to a
contro] port 2390 formed at onc end side of the spool 2310
so that the spool 2310 is raised to the position, as indicated
at the lefthand half of FIG. 19, the line pressure input port
2301 is opened to communicate with the line pressure output
port 2302. This line pressure output port 2302 is connected
via an oil line 2304 with the hold port 108 of the 3-4 shift
valve 100.

Moreover, the 2-3 shift valve 2300 is formed with a
D-range input port 2410 to be opened/closed by the afore-
mentioned land 2303. This D-range pressure input port 2410
is opened to communicate with the D-port of the not-shown
manual valve. There is also formed an output port 2430
which is selectively opened to communicate with that
D-range pressure input port 2410. The second brake B2 is
connected with that output port 2430, and communication is
established between the D-range pressure input port 2410
and the output port 2430 at the 3rd to 5th speeds, at which
the signal pressure of the first solenoid valve S1 is fed to the
control port 2390. These D-range pressure input port 2410
and output port 2430 are provided for the reason why the
line pressure cannot be commonly used as the oil pressure
for applying the second brake

At the side of the control port 109 of the 3—4 shift valve
100, on the other hand, there is arranged a plunger 1001 for
pushing the spool 104. This plunger 1001 is made suffi-
ciently wide at its end face opposed to the spool 104, and a
control port 1002 is formed for applying the oil pressure to
that plunger 1001. This control port 1002 is opened to
communicate with the R-port of the manual valve so that it
is fed with the R-range pressure.

Incidentally, in the embodiment shown in FIG. 19, the
manual valve is exemplified by the ordinary manual valve
for outputting no N-range pressure, as shown in FIG. 4 or 7.

In the construction shown in FIG. 19, therefore, the first
solenoid valve S1 outputs no signal pressure in the N-range
so that the 2-3 shift valve 2300 has its spool 2310 raised to
the position, as indicated at the lefthand half of FIG. 19. As
a result, the communication between the line pressure input
port 2301 and the line pressure output port 2302 is provided
to feed the line pressure via the oil line 2304 to the hold port
108 of the 3—4 shift valve 100. In the N-range, moreover, the
R-range pressure is not built up. As a result, the 3—4 shift
valve 100 has its spool 104 raised to the position, as
indicated at the righthand half of FIG. 19. Since this opera-
tion is similar to that at the 1st speed of the foregoing
embodiment, the signal pressure of the third solenoid valve
S3 is fed from the port 102 to the B2 release control vaive
belonging to the engine braking control line. In other words,
the signal pressure of the third solenoid valve S3 is not used
as the overdrive control signal so that the auxiliary trans-
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mission unit 31 is held at the low gear stage. Incidentally, the
signal pressure of the third solenoid valve S3 is reversed, as
called so, by the B2 release control valve so that the engine
braking is not effected. Moreover, this state is identical to
that at the 1st speed in the D-range. In the case of a shift from
the N-range to the D-range for starting the vehicle, therefore,
the auxiliary transmission unit 31 is held at the low gear
stage so that the control for the start is facilitated.

Incidentally, in the R-range, this R-range pressure is fed
to the plunger control port 1002 of the 3—4 shift valve 100
so that the spool 104 is lowered to the position, as indicated
at the righthand half of FIG. 19, by the plunger 1001 even
if the hold port 108 is fed with the line pressure. As a result,
the signal pressure of the third solenoid valve S3 having
been fed to the port 101 is further fed from the port 103 to
the 4-5 shift valve 171. This feed is similar to that of the
aforementioned case of the reverse stage so that the auxiliary
transmission unit 31 has its clutch CO drained and released
but its brake B0 fed with the oil pressure and applied. As a
result, the auxiliary transmission unit 31 is set to the high
gear stage. According to the construction shown in FIG. 19,
the spool 104 of the 3-4 shift valve 100 can be held in the
position, as indicated at the righthand half of FIG. 19,
independently of the ON/OFF of the second solenoid valve
S2, so that the auxiliary transmission unit 31 can be set
without fail to the high gear stage even if an electric failure
occurs. Another advantage is that the solenoid valves can
have their energization patterns shared between the R-range
and the D-range.

Incidentally, in the construction shown in FIG. 19, the oil
line 2304 may be equipped in its midway with a change-over
valve 3000 for cutting off the oil line 2304 selectively. Since
this construction makes it unnecessary to provide the 3-4
shift valve 100 with the aforementioned plunger 1001, this
34 shift valve 100 can be shortened, and the timing for
making a shift from the N-range to the R-range can be
controlled by the second and third solenoid valves S2 and
S3. Incidentally, it is similar to the foregoing embodiment
that the timing of the shift from the N-range to the R-range
can be controlled by the second and third solenoid valves S2
and

Incidentally, the present invention should not be limited to
the foregoing individual embodiments but may be modified
such that the solenoid valve for outputting the signal pres-
sure to control the overdrive state and the engine braking can
be one other than the aforementioned third solenoid valve.
Moreover, the change-over valve for changing the signal
pressure to one for either of the aforementioned controls
should not be limited to the aforementioned 3—4 shift valve
but can be embodied by a suitable valve, if necessary. Still
moreover, the valve for reversing the aforementioned signal
pressure, as called so, in the engine braking control line to
make the engine braking ineffective while the signal pres-
sure is being outputted may be a valve other than the B2
release control valve.

In the foregoing embodiments, furthermore, the 2-3 shift
valve and the oil line leading from the former valve to the
hold port of the 3—4 shift valve are used as the oil pressure
feeding line for actuating the 34 shift valve or the change-
over valve corresponding to the former, and the oil pressure
for feeding the N-range pressure or the like pressure is used
as the control line for building up the oil pressure in that oil
pressure feeding line. However, the oil pressure feeding line
and the control line in the present invention should not be
limited to the constructions, as exemplified in the foregoing
embodiments.

The advantages to be obtained by the present invention
will be synthetically described in the following. According
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to the control system of the present invention, in the auto-
matic transmission which is constructed such that the control
for setting the auxiliary transmission unit to the high gear
stage at the reverse stage and the auxiliary transmission unit
to the high gear stage and the control for making the engine
braking ineffective at the 1st speed of the drive range are
cffected by the signal pressure of the common solenoid
valves, the energization states of the solenoid valves are
made comnmon between the reverse stage and the 1st speed
of the drive range. As a result, it is possible to avoid the
trouble that the auxiliary transmission unit takes the low
gear stage at the reverse stage or that the engine braking
becomes effective at the 1st speed of the drive range even if
the range decision should fail between the reverse stage and
the 1st speed of the drive range.

According to the present invention, moreover, in case the
drive range is electrically decided when the vehicle is
actually running backward, the energization states of the
solenoid valves for setting the gear stages are made identical
to those of the 1st speed of the drive range. As a result, no
upshift is decided according to the rise of the vehicle speed
so that the auxiliary transmission unit can be held at the high
gear stage during the reverse stage to prevent any shift in
advance.

In case the reverse stage is decided, still moreover, the
energization states of the solenoid valves are made identical
to those at the 1st speed of the drive range and the forward
stage for setting the auxiliary transmission unit to the high
gear stage in accordance with the vehicle speed. As a result,
the auxiliary transmission unit can never fail to be set to the
high gear stage at the reverse stage. Even with a failure for
deciding the drive range as the reverse stage erroneously,
moreover, the gear stage at a higher speed side is set as the
vehicle speed rises in the drive range, so that the fail-safe
operation can be established while retaining the run and
suppressing the torque.

Furthermore, the control system of the present invention
is constructed such that the change-over valve for feeding
the engine braking control line with the signal pressure for
controlling the auxiliary transmission unit and the engine
braking state is operated as at the forward 1st speed in the
neutral range. As a resuit, the auxiliary transmission unit
need not be subjected to any shift control in the case of a
shift from the neutral range to the forward range. In the
present invention, therefore, the control at the time of the
shift from the neutral range to the forward range can be
facilitated to effectively prevent the deterioration of the
drive feeling, which might otherwise be caused by the
shock.

Even with a fajlure in the engine braking change-over
valve, furthermore, the engine braking frictional elements
can be applied by the range pressure of the engine braking
range so that the engine braking state can be retained.
Furthermore, the system can be made compact by sharing
the valves thereby to retain the engine braking state even
with a failure of the engine braking change-over valve.
Furthermore, the deterioration of the shifting shock can be
prevented by controlling the feeding/releasing rates to feed
the oil pressure to the frictional elements relating to the shift
by means of the orifices to prevent the two frictional
elements from simultaneously having a predetermined
torque capacity.

What is claimed is:

1. A control system for an automatic transmission includ-
ing a main transmission unit for setting a reverse stage and
a plurality of forward stages and an auxiliary transmission
unit connected in series to said main transmission unit and
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capable to be changed between two higher and lower stages,
comprising:

a solenoid valve for outputting a signal pressure when at
least said reverse stage and a predetermined one of said
forward stages are set;

a change-over valve for changing said signal pressure
selectively into a signal pressure for controlling said
auxiliary transmission unit and a signal pressure for
controlling an engine braking state; and

an engine braking control valve for controlling engaged or
released states of an engine braking frictional element
at said predetermined forward stage on the base of said
signal pressure coming from said change-over valve,

wherein the acting state of said solenoid valve when said
reverse stage is set and the acting state of said solenoid
valve when said predetermined forward stage for mak-
ing the engine braking ineffective is set are identical to
each other.

2. A control system according to claim 1, wherein said

predetermined forward stage is a 1st forward speed.

3. A control system according to claim 2, further com-

prising:

another solenoid valve brought into identical acting states
at the reverse stage and at the 1st forward speed of a
drive range thereby to output a signal pressure for
actuating said change-over valve and having its acting
state changed according to the rise of a vehicle speed;

range deciding means for deciding a range which is
electrically instructed;

reverse stage detecting means for detecting the reverse
stage from an actual running state; and

energization control means for holding the acting states of
said individual solenoid valves identical to the acting
state for setting the 1st forward speed of the drive
range, when said reverse stage detecting means detects
the reverse stage and when said range deciding means
decides the drive range.

4. A control system according to claim 3,

wherein said energization control means includes means
for executing a shift control according to a shift map in
which all the regions determined by a plurality of
parameter indicating the running state are set as a Ist
forward speed region.

5. A control system according to claim 2, further com-

prising:

another solenoid valve brought into identical acting states
at the reverse stage and at the 1st forward speed of the
drive range thereby to output a signal pressure for
actuating said change-over valve and having its acting
state changed according to the rise of a vehicle speed;

still another solenoid valve brought into identical acting
states in the reverse stage and at the 1st forward speed
of the drive range for outputting a signal pressure to set
a gear stage;

reverse stage deciding means for deciding the reverse
stage; and

reverse stage setting means for making the energization
states of said individual solenoid valves identical to the
energization state for setting the forward stage, in
which said auxiliary transmission unit is at a high gear
stage, in case said reverse stage deciding means decides
the reverse stage and in case the vehicle speed reaches
a predetermined vehicle speed.

6. A control system according to claim 1, further com-

prising:
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a manual valve for selecting at least two ranges, in which
the engine braking is. effected and not for said prede-
termined forward stage; and

an oil passage for feeding an oil pressure to said engine
braking frictional element independently of the acting
state of said engine braking control valve in case the
range for effecting the engine braking at said predeter-
mined forward stage is set.

7. A control system according to claim 1, further com-

prising;

a second change-over valve changed by a signal pressure
from said change-over valve,

wherein said engine braking control valve is changed by
outputted pressure of said second change-over valve.

8. A control system according to claim 7,

wherein said second change-over valve includes a valve
for bringing said engine braking control valve into the
engine braking state ineffectively when said solenoid
valve is in a conducting/unconducting state for output-
ting signal pressure, on the other hand, for bringing said
engine braking control valve into the engine braking
state effectively when said solenoid valve is in a
conducting/unconducting state without outputting sig-
nal pressure.

9. A control system according to claim 7,

wherein said second change-over valve includes a timing
valve for setting said predetermined forward stage.

10. A control system according to claim 9,

wherein said timing valve includes a release control valve
for controlling the pressure drain from a brake engaged
at the 3rd forward speed.

11. A control system according to claim 9,

wherein said solenoid valve is connected to said timing
valve for changing said timing valve by the signal
pressure outputted from the solenoid valve.

12. A control system according to claim 1,

wherein said engine braking control valve has: a spool
actuated according to the acting state of said solenoid
valve; a first input port for inputting an oil pressure for
setting a forward running state; a second input port for
inputting a range pressure for setting a range to effect
the engine braking at said predetermined forward stage;
and an output port for communicating with either said
first input port or said second input port in accordance
with the acting position of said spool, and

wherein said spool is set to a position for providing the
communication between said second input port and
said output port in the range, where no engine braking
is effected at said predetermined forward stage, and for
providing the communication between said first input
port and said output port in the range where the engine
braking is effected at said predetermined forward stage.

13. A control system according to claim 12, further

comprising:

an orifice disposed in the oil passage communicating with
said second input port for damping the rate of feeding
the oil pressure.

14. A control system according to claim 1, further com-

prising:
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a plurality of other solenoid valves for setting the gear
stages,

wherein said other solenoid valves have identical acting
states at the time of setting the reverse stage and at the
time of setting said predetermined forward stage.

15. A control system according to claim 1, further com-

prising:

an oil feed passage for feeding an oil pressure for actu-
ating said change-over valve so that the signal pressure
outputted from said solenoid valve may be replaced by
a signal pressure for controlling the engine braking
state and outputted; and

a control passage for feeding an oil pressure to said feed
passage when an neutral range is set.

16. A control system according to claim 15, further

comprising:

a range change-over valve for outputting an oil pressure
in the neutral range,

wherein said feed passage includes an oil passage fed with
an oil pressure to communicate with a hold port for
holding said change-over valve in a predetermined
acting state, and

wherein said control passage includes another oil passage
for feeding the oil pressure outputted from said range
change-over valve when the neutral range is set, and
another change-over valve for providing the selective
communication of said another oil passage with said oil
passage.

17. A control system according to claim 15,

wherein said feed passage includes an oil passage fed with
an oil pressure to communicate with a hold port for
holding said change-over valve in a predetermined
acting state, and

wherein said control passage includes a line pressure oil
passage and another change-over valve for providing
the communication of said line pressure oil passage
with said oil passage when the neutral range is set.

18. A control system according to claim 1,

wherein said solenoid valve outputs said signal pressure
without being energized.

19. A control system according to claim 1,

wherein said auxiliary transmission unit is disposed in the
front side of the main transmission unit in the direction
for transmitting power.

20. A control system according to claim 1, further com-

prising;

a shift valve for changing said auxiliary transmission unit,
which is fed with said signal pressure for changing said
auxiliary transmission unit.

21. A control system according to claim 1, further com-

prising;

a manual shift lever, and

a manual valve for outputting oil pressure to bring said
main transmission unit into the reverse state indepen-
dently of energization state of the solenoid valve by
selecting a reverse range by said manual shift valve.

k0 ok ok k%
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